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Abstract

Background: Modified Brostrom-Gould (MBG) surgery is frequently used for chronic lateral ankle instability (CLAI).
However, conventional postoperative management (CPOM) due to prolonged immobilization may have adverse effects
on tendons, ligaments, and joints, causing stiffness. This prospective, randomized controlled trial aimed to determine
outcomes among patients randomized to receive CPOM plus ultrasonography-guided triple injections of leukocyte-rich
platelet-rich plasma (LR-PRP) compared to patients who receive only CPOM after MBG surgery.

Methods: The present study included 40 patients with symptomatic CLAI who were candidates for the MBG surgery. The
patients were randomized into 2 groups of 20, the control and PRP groups. In the PRP group, patients were injected with 3
doses of LR-PRP solution using ultrasonographic guidance. In the first injection, 2mL of LR-PRP was injected near the injury
site, and in the second and third injections, 4mL of LR-PRP was injected in the tibiotalar joint. All patients received a short leg
splint for 2 weeks, followed by 4 weeks in a walking boot. The primary outcome measure was the visual analog scale (VAS),
and the secondary outcome measures were the American Orthopaedic Foot & Ankle Society (AOFAS) ankle-hindfoot scale
and ankle total range of motion (total ROM). The assessment was performed at baseline and 3 and 6 months after surgery.
Results: The mean VAS and AOFAS scores improved significantly in both groups 6 months after surgery (P<<.001).
However, the PRP group did not significantly improve in VAS or AOFAS scores compared with the control group. No
clinically significant difference was observed between the 2 groups regarding the total ROM scores at month 3.
Conclusion: The application of LR-PRP after MBG surgery did not show any superior clinical or functional improvement
over CPOM.

Level of Evidence: Level |l, prospective randomized trial.
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Lateral ankle sprains (LASs) are the most common ankle
injuries that account for approximately 85% of ankle inju-
ries and contribute to a considerable health care cost.'#??
The lateral ligament complex includes the anterior talo-
fibular ligament (ATFL), calcaneofibular ligament (CFL),

and posterior talofibular ligament. The ATFL is the most ~ Corresponding Author:
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frequently injured ligament, followed by the CFL and pos-
terior talofibular ligament.>> Most LASs can be managed
successfully with conservative treatments, and functional
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rehabilitation. Even with adequate nonoperative treat-
ments, up to 40% of LASs can lead to chronic lateral
ankle instability (CLAI). If rehabilitation fails, surgical
intervention is indicated to restore ankle function and
structure.'?*32 The Modified Brostrom-Gould (MBG)
procedure is the preferred operative treatment.'*3°
Conventional postoperative management (CPOM) varies
among surgeons but generally consists of an initial 2- to
6-week period of the cast, splint, or boot immobilization
and rehabilitative exercises after this initial period.
Extended immobilization after postoperative protocols
may have detrimental effects on muscles, tendons, liga-
ments, and joints, causing stiffness. Therefore, early mobi-
lization can provide a more rapid return to daily or sports
activities, remarkably so in the athlete population.>*!83!

In recent years, the interest in autologous biological
treatments, particularly platelet-rich plasma (PRP), has
increased significantly in orthopaedic surgery and sports
medicine. PRP is a processed liquid fraction of autologous
peripheral blood enriched with a platelet concentration
above that typically contained in whole blood.'” Besides
platelets, PRP contains some inflammatory cells and large
amounts of growth factors. Injection of PRP into or near the
site of injury is thought to improve healing and tissue regen-
eration by promoting cell recruitment, proliferation, and
angiogenesis by delivering growth factors and inflamma-
tory cells. Numerous studies have focused on the efficacy of
PRP in healing and reducing pain in soft tissue injuries.
Some of these studies have shown the positive effect of PRP
in reducing pain and function improvement in lateral elbow
tendinosis and patellar tendinopathy. McRobb et al** con-
ducted a systematic review on the effect of PRP on healing
and clinical outcomes after anterior cruciate ligament
reconstructive surgery and showed no consensus on the
impact of PRP on pain, knee stability, and resultant knee
function. Currently, there is scarcity of evidence supporting
the use of PRP for treating musculoskeletal soft tissue
injuries.'>?¢ Also, we are unaware of any studies of PRP
injection after MBG surgery for CLAI. Based on these con-
troversial results and insufficient evidence, this prospective,
randomized, controlled trial aimed to evaluate the clinical
effect of triple injections of leukocyte-rich PRP (LR-PRP)
after MBG surgery in patients with CLAI, measured with
foot and ankle scales of function and pain.

Material and Methods
Study Design

We performed a prospective, single-center randomized con-
trolled trial. The study was conducted at the Department of
Orthopedics, Akhtar Hospital, Tehran, Iran, in 2022, by
adhering to the principles of the Helsinki Declaration and
after approval of the Ethics Committee of Shahid Beheshti

University of Medical Sciences. The clinical trial was pro-
spectively registered in the Iranian Registry of Clinical
Trials (IRCT20200307046714N1). Written informed con-
sent was obtained from each participant before enrollment
in the study.

Participants

Patients with suspected CLAI were informed about the
study by a trained senior orthopaedic resident in the clinic,
and if interested, the orthopaedic resident called the main
researcher. Detailed information about the study was given
to the patients by telephone. An experienced foot and ankle
surgeon evaluated the patients who were interested and
appropriate for inclusion to verify the diagnosis of CLAI
Diagnosis of CLAI was based on the clinical history (a sig-
nificant LAS that had not responded to appropriate conser-
vative treatment, including pharmacologic treatment, a
protective brace, and physical therapy, and associated with
other symptoms such as recurrent sprains, pain, swelling,
and restricted activity), clinical examination, and imaging
studies. Clinical examination included the anterior drawer
test and the talar tilt test to evaluate the ATFL and CFL. The
findings were compared with the healthy side and complete
tears of the ATFL with intact CFL and posterior talofibular
ligament were also documented on magnetic resonance
imaging (MRI). A diagnostic arthroscopy was also per-
formed prior to the surgical reconstruction to reveal any
intraarticular pathologies (osteochondral lesions, bony and
soft tissue impingement, and loose bodies). Patients were
eligible if they were aged =18 years with both a clinically
diagnosed and MRI-diagnosed CLAI. Exclusion criteria
were pregnancy, lactation, history of peripheral vascular
diseases, theumatoid arthritis, ankle osteoarthritis, ankylos-
ing spondylitis, foot deformities, diabetes, intellectual dis-
ability, psychiatric disorders, prior surgery at the site of
injury, bilateral ankle instability, osteochondral lesions,
lesions of the tibiofibular syndesmosis, and those who did
not give their consent to participate in the study.

Surgical Technique

All patients underwent the MBG surgery, performed by a
single, well-experienced foot and ankle surgeon. A blinded
foot and ankle surgeon collected patients’ demographic pro-
files (sex, age, body mass index), and baseline VAS and
AOFAS scores and total ROM before the surgery. The pro-
cedure was performed with the patient under a general anes-
thetic, in a supine position, with a bump under the ipsilateral
hip, and with an inflated thigh tourniquet. A curvilinear
incision was made over the anterior border of the lateral
malleolus. The ATFL and the CFL were identified and
exposed through blunt dissection. The ATFL footprint on the
distal fibula was then exposed, drilled, and 2 intraosseous
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suture anchors placed. A suture anchor was also placed in
the CFL fibular footprint. The ATFL and the CFL were
tightened with the ankle in neutral and slight eversion, and
the posterior edge of the extensor retinaculum was opposed
to the anterior edge of the fibula. The subcutaneous and skin
were closed with Vieryl and nylon sutures, and a sterile
dressing was placed. Operation and tourniquet time was
also recorded for each patient.

CPOM

Postoperatively, a well-padded posterior short leg splint
was applied to immobilize the ankle in the neutral dorsiflex-
ion and slight eversion, and patients were kept nonweight-
bearing for 2 weeks. After 2 weeks, patients were put into a
walking boot for 4 weeks and allowed fully weightbearing
as tolerated immediately. Six weeks after surgery, the same
physical therapy program was commenced for all patients
under the supervision of a single physiotherapist, with the
removal of the boot. Patients were then allowed to return to
baseline activities approximately 12weeks after surgery.
Patients were visited in the clinic at 1 week, 2 weeks, 6
weeks, 3 months, and 6 months postoperatively.

Blinding and Randomization

Patients fulfilling the inclusion criteria were randomly allo-
cated to the PRP group or the control group in a 1:1 ratio by
an independent researcher not directly involved in the study.
Randomization was performed using an online block ran-
domization tool (www.sealedenvelope.com), with a vari-
able block size of 2 or 4 and stratified based on age (=40 or
<40years). Neither the patients nor the radiologist per-
forming the injections was blinded to the randomization.
However, the outcome assessment was done by a foot and
ankle surgeon unaware of patients’ randomization. The
physiotherapist prescribing the physical therapy program
and researchers who performed statistical analyses were
blinded to the randomization.

PRP Preparation

A senior orthopaedic resident prepared LR-PRP injections
for the intervention group using the Rooyagen kit made by
Arya Mabna Tashkis Corporation. For 2mL of LR-PRP,
20 mL of whole blood was initially drawn from the patient’s
antecubital vein of the upper limb using an 18-gauge nee-
dle. Two milliliters of ACD-A was then added to the sample
as an anticoagulant and passed through 2 steps of centrifu-
gation; first at 1600 rpm for 10 minutes to isolate the eryth-
rocytes and then at 3500 rpm for 6 minutes in order to
concentrate the platelets. LR-PRP quantification was then
performed to confirm that the platelet concentration had
reached 5 = 1 times that of the whole blood. Eventually, the

first injection included 2 mL of LR-PRP. The preparation of
the second and third injections was the same as the first
injection, but for preparing 4mL of LR-PRP, 40mL of
whole blood was taken from the patient instead of 20 mL.
Four milliliters of ACD-A was then added to the sample as
an anticoagulant and passed 2 steps of centrifugation simi-
lar to the first injection. Finally, the second and third injec-
tions included 4 mL of LR-PRP. Local anesthesia (lidocaine)
was not added to the infusion because both lidocaine and
PRP potentially affect the inflammatory cascade and may
interact with and reduce the efficacy of PRP.%!?

Ultrasonography-Guided Injections

In administering the LR-PRP, ultrasonography was per-
formed by an experienced radiologist using a high-fre-
quency 5- to 12-MHz linear transducer (Hitachi Aloka
Medical Systems, Tokyo, Japan). The first injection was
given 1 week after surgery, and the second and third injec-
tions were given 2 and 6 weeks after surgery. The injections
were done through the anterolateral approach while the
patients were lying supine. After prepping the skin with
antiseptic, while the ultrasound transducer was covered
with a sterile barrier and using a sterile gel, a 21-gauge nee-
dle was inserted under real-time ultrasonographic guidance.
In the first injection, 2 mL of the LR-PRP was injected adja-
cent to the ATFL and the CFL sutures. In the second and
third injections, the needle was placed just lateral to the
peroneus tertius tendon, medial to the lateral malleolus, and
at the level of the ankle joint line, 4 mL of the LR-PRP was
injected in the tibiotalar joint. A sterile dressing was placed
after injections, and all patients were observed for possible
bleeding 10-15minutes after injections. After the first injec-
tion, the leg splint was applied again. Patients were
instructed to avoid anti-inflammatory drugs such as
NSAIDs, steroids, or drugs that affect platelets, from
24 hours before injections to 5 days after injections, but
allowed to use maximum daily dose of 4 g acetaminophen.

Sample Size Calculation

A power analysis using G* power free software (version
3.1) determined the total number of cases at 38 (18 in each
group) based on a power of 0.80 with a significance level of
.05 and a P risk of 0.2 (2-sided; effect size=0.93).31%?% We
planned to include 20 patients in each group to strengthen
the data and account for a loss of follow-up.

Outcome Measurements

One experienced foot and ankle surgeon blinded to the
patients’ randomization conducted all the measurements in
all patients of both groups. The primary outcome was to
compare pain scores by visual analog scale (VAS)!" at
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baseline and 3 and 6 months after surgery in the 2 groups.
The secondary outcomes included the Persian version of the
American Orthopaedic Foot & Ankle Society (AOFAS)*
ankle-hindfoot scale score at baseline and 3 and 6 months
after surgery, and the ankle total range of motion (total
ROM) at baseline and 3 months after surgery. A 35-cm uni-
versal plastic goniometer (Sachan, South Korea) was used
to measure the total ROM. The terminology and techniques
of measurements were those suggested by Norkin and
White.?” Eventually, all the plantarflexion, dorsiflexion,
eversion, and inversion scores were added together and
documented as ankle total ROM.

Statistical Analysis

All calculations were performed by using IBM SPSS
Statistics, version 22. The continuous data were tested for
normality. Demographic data were analyzed using the
Student ¢ test for normally distributed data, the Mann-
Whitney U test for nonparametric data, and the 2 test for
categorical data. The repeated measures analysis of vari-
ance with the Bonferroni post hoc test was performed for
the data in each study group at various periods. The Student
t test was used to compare the differences in outcomes
between the groups. All statistical tests were 2-tailed, and
all results were presented with a 95% CI. The significance
level was P =.05.

Results

In this clinical trial, 55 patients were screened; of these, 9
patients did not meet the inclusion criteria, and 6 patients
declined participation. Accordingly, 40 patients were
enrolled in the study and randomized to the PRP group
(n=20) or the control group (n=20) (Figure 1). The base-
line demographic and clinical characteristics of participants
are summarized in Table 1, and there were no significant
differences in the variables between the 2 groups. Table 2
shows the VAS scores, AOFAS scores, and total ROM
scores before and after surgery. Comparing the baseline
data, a significant improvement in VAS and AOFAS scores
was observed in the PRP and control groups 3 and 6 months
after surgery (P <.001). Comparing the 2 groups, no statis-
tically significant difference was found between mean dif-
ferences in the VAS scores and AOFAS scores from baseline
after 3 and 6 months (Table 3, Figure 2). No statistically
significant difference was observed between the total ROM
scores at baseline and month 3 in the PRP group. The total
ROM scores in the control group declined significantly at
month 3 compared to baseline (P=.001). Comparing the 2
groups, a significantly greater decrease in the total ROM
scores was found in the control group after 3 months
(P=.030) (Table 3). No patients experienced any side
effects from the surgery or injections during the study.

Discussion

This randomized clinical trial showed no significant differ-
ences in terms of postoperative pain between CPOM and
CPOM +triple injections of LR-PRP at 6 months of follow-
up. A statistically significant improvement in the AOFAS
and VAS scores were found in both groups (P<.001)
(Table 2). Regardless of the treatment group, patients had a
mean score of 93.70 on the AOFAS 6 months after surgery.
These results are approximately similar to the results of a
systematic review performed by Guelfi et al,'* which
included a total of 505 patients and revealed mean scores
of 90.1 for the AOFAS in the open Brostrom procedure
group. The VAS score indicated good results, and the over-
all average scores of the 2 groups and treatment groups
were lower than those of a systematic review performed by
Attia et al.2 The total ROM scores in the control group
declined significantly compared with the PRP group after 3
months (P =.030) (Tables 2 and 3). However, the differ-
ence was not clinically relevant (4.6 degrees). The minimal
clinically important difference for the ankle ROM has not
yet been determined after MBG surgery. However, some
studies have documented ankle ROM differences before
and after other ankle surgeries. Hsu et al'® showed that
ankle inversion decreased by approximately 14 degrees
after the modified Brostrom-Evans procedure at an average
8-year follow-up. In a study by Cao et al,’ patients with
concurrent lateral ankle instability and osteochondral
lesions of the talus showed a 12.4-degree increase in
dynamic ankle plantarflexion plus dorsiflexion ROM. In
the current study, the 4.6-degree difference in the total
ROM is clinically irrelevant. However, this should be taken
with caution because of the short follow-up period, particu-
larly after 6 weeks of immobilization.

To our knowledge, this is the first randomized controlled
trial investigating the use of triple injection of LR-PRP after
MBG surgery. An important difference between the current
study and previous studies is injecting LR-PRP in the tibio-
talar joint in addition to the ligaments. However, several
comparative studies have investigated the use of PRP in the
nonoperative treatment of acute LASs. The present study’s
findings follow a double-blinded randomized controlled
trial comparing the effect of 1 PRP injection vs 1 placebo
injection on severe LAS in which PRP did not show benefit
over placebo in either pain control or function 3, 8, and
30 days after injection.?® A recent clinical study by Blanco-
Rivera et al® evaluating the effect of a single PRP injection
in patients with acute LAS treated with rigid immobiliza-
tion reported no significant difference in either pain control
or function 24 weeks after injection, although it showed
pain relief and function improvement 8 weeks after injec-
tion. However, this study’s results should be taken with cau-
tion because of the absence of a robust statistical analysis,
and neither the patients nor the observers were blinded to
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Figure I. Study flow chart.?®

the injections.” In contrast to our results, one randomized
clinical trial in elite athletes with high ankle sprains showed
a shorter return to play time, rapid stabilization of the syn-
desmosis joint, and less long-term residual pain after 2
injections of PRP compared with the rehabilitation pro-
gram.'” These difference in results could be because of dif-
ferences in PRP preparation methods, the degree of LAS,
interventions performed for patients, and follow-up periods.
In the current study, the LR-PRP injection did not result in
clinically significant differences in the VAS and AOFAS
scores (Table 3).

Some previous studies have documented the positive
results of PRP gels in reducing the incidence of arthrofibrosis
in various orthopaedic surgical situations, particularly in knee
arthroplasty.®” Arthrofibrosis is defined as joint pain and stiff-
ness that causes limitation of both active and passive ROM
and is due to adhesions and contracture of the joint, particu-
larly after a prolonged period of immobilization.?>*! In the
present study, there was no clinically significant difference
in the total ROM scores between the 2 groups. However, the
effect of LR-PRP in reducing arthrofibrosis incidence is not
well investigated in the current study because of the short
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Table |. Baseline Demographic and Clinical Characteristics of Patients®.

PRP Group (n=20) Control Group (n=20) P Value
Age, y 3445=11.72 39.0010.97 2130
Sex, male/female 13:17 9:11 .204¢
Weight, kg 83.20+14.84 76.20=11.28 J101®
Height, cm 174.65+11.06 169.30+9.92 Jd16
BMI 27.32+4.52 26.66+3.88 .623b
Operation time, min 83.75%3.19 83.75%£3.93 .883¢
Tourniquet time, min 72.00+2.99 73.00+4.10 .529¢
VAS score 7.94£1.05 7.73x1.16 .563°
AOFAS score 67.3510.42 65.409.59 .542°
Total ROM 108.75+9.80 107.75+10.82 761°

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society ankle-hindfoot score; BMI, body mass index; PRP, platelet-rich plasma; ROM,

range of motion; VAS, visual analog scale.
?Data are shown as mean = SD or n.
bStudent t test.

“Pearson y? test.

9Mann-Whitney U test.

Table 2. All the Outcome Measures in Each Group at Baseline and 3 and 6 Months After Surgery.

PRP Group (n=20)

Control Group (n=20)

Mean*=SD P Value Mean*=SD P Value

VAS

Baseline 7.94+1.05 7.73%1.16

Month 3 1.10+0.86 <.001° 0.89+0.79 <.001°

Month 6 0.95+0.88 <.001¢ 0.80*+0.76 <.001°
AOFAS

Baseline 67.35+10.42 65.40+9.59

Month 3 94.35+3.66 <.001¢ 90.05+6.42 <.001¢

Month 6 95.90+3.19 <.001¢ 91.50+5.42 <.001¢
Total ROM

Baseline 108.75+9.80 107.75+10.82

Month 3 106.90+8.27 .161° 101.30£8.13 .001°

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society ankle-hindfoot score; PRP, platelet-rich plasma; ROM, range of motion; VAS,

visual analog scale.
?Paired t test.

follow-up period and utilized methodology. Finally, it is
challenging to directly compare the current study's findings
with those of the previous studies because variations in the
PRP preparation methods, follow-up period, and severity of
LAS may affect the results. However, the results of our
study show that LR-PRP may not provide clinical improve-
ment in terms of postoperative pain in patients with CLAI
The present study had some limitations that need to be
addressed. First, this study did not include placebo injec-
tions in the control group. Nevertheless, in the study by
Rowden et al,?® the patients in the control group received 1
injection of sterile normal saline as a placebo and reported
no side effects of injection. However, triple non-PRP or

shamed-controlled injections in the control group was unac-
ceptable and unfeasible in our country because of the inva-
sive procedure of injection. Hence, further prospective
studies are encouraged with sham-controlled injections.
Second, small sample size and short follow-up period
caused limitations to the study. Third, PRP injections using
different locations or timing could potentially result in dif-
ferent outcomes. Fourth, we did not measure the total ROM
at the 6-month follow-up. Fifth, the ankle ROM measure-
ments were not provided separately for each plane. Sixth,
we did not compare the injured sides with the healthy sides.
Seventh, a CLAS has a long recovery time; therefore, a lon-
ger follow-up would have been desirable to determine
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Table 3. Changes of Outcome Measures From Baseline at 3 and 6 Months After Surgery in the PRP Group Compared With the
Control Group®.

PRP Group (n=20) Control Group (n=20) P Value

VAS
Baseline Ref
Month 3 -6.80+1.15
Month 6 -7.05+1.23
AOFAS
Baseline Ref
Month 3 27.00*=11.87
Month 6 28.55+11.41
Total ROM Ref
Month 3 —1.85+5.66

—6.85+1.63 911b
—7.00*1.58 9126
24.65+13.70 .566°
26.1012.52 .522°
—6.45+7.17 .030°

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society ankle-hindfoot score; PRP, platelet-rich plasma; ROM, range of motion; VAS,

visual analog scale.
2Data are shown as mean = SD.
bStudent t test.

VAS

Baseline Month 3 Month 6

——PRP ——Control

AOFAS
40

35
30
25
20

10

0

Baseline Month 3 Month 6

——PRP ——Control

Figure 2. Mean change from baseline in the VAS and AOFAS scores in the PRP group compared with the control group. Comparing
both groups, there was not a significant difference between mean changes in the VAS and AOFAS scores from baseline after 3 and
6 months. AOFAS, American Orthopaedic Foot & Ankle Society ankle-hindfoot score; PRP, platelet-rich plasma; VAS, visual analog

scale.

whether there could have been a long-term LR-PRP effect.
However, it is difficult to believe there should be a delayed
LR-PRP effect when no effect was seen approximately
20 weeks after triple injections.

Conclusion

In summary, the ultrasonography-guided triple injection of
LR-PRP+CPOM did not show clinically significant differ-
ences in terms of pain relief compared with CPOM at the
6-month follow-up. To conclude, the present study did not
support the use of LR-PRP after MBG surgery for CLAS. A

more extensive study, including shamed-controlled injec-
tions, would be required to confirm these results.

Acknowledgment

The authors thank the staff of the Orthopedic Department and
Laboratory of Akhtar Hospital, Shahid Beheshti University of
Medical Sciences, for their collaboration in conducting this
study.

Ethical Approval

Ethical approval for this study was obtained from the Ethics
Committee of Shahid Beheshti University of Medical Sciences,



Foot & Ankle Orthopaedics

Tehran, Iran (IR.SBMU.RETECH.REC.1399.1264). The clinical
trial was also prospectively registered in the Iranian Registry of
Clinical Trials (IRCT20200307046714N1).

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: The authors report support for the present manuscript (eg,
funding, provision of study materials, medical writing, article pro-
cessing charges, etc), no time limit for this item: the Clinical
Research Development Unit of Akhtar Hospital (CRDUAH).
ICMIE forms for all authors are available online.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
Funding for conducting this study was received through a grant
(24068) from the Clinical Research Development Unit of Akhtar
Hospital (CRDUAH), Shahid Beheshti University of Medical
Sciences, Tehran, Iran. The CRDUAH had no other role in the
design of the study, in the collection, analysis, and interpretation
of data, in the writing of the report, and in the decision to submit
the paper for publication.

ORCID iD

Hooshmand Zarei Kurdkandi, MD,
0143-2246

https://orcid.org/0000-0003-

References

1. Allen T, Kelly M. Modern open and minimally invasive sta-
bilization of chronic lateral ankle instability. Foot Ankle Clin.
2021;26(1):87-101. doi:10.1016/j.£c1.2020.11.003

2. Attia AK, Taha T, Mahmoud K, Hunt KJ, Labib SA,
d’Hooghe P. Outcomes of open versus arthroscopic Brostrom
surgery for chronic lateral ankle instability: a systematic
review and meta-analysis of comparative studies. Orthop J
Sports Med. 2021;9(7):23259671211015207. doi:10.1177/
23259671211015207

3. Blanco-Rivera J, Elizondo-Rodriguez J, Simental-Mendia M,
Vilchez-Cavazos F, Pefia-Martinez VM, Acosta-Olivo C.
Treatment of lateral ankle sprain with platelet-rich plasma: a
randomized clinical study. Foot Ankle Surg. 2020;26(7):750-
754. doi:10.1016/j.fas.2019.09.004

4. Camacho LD, Roward ZT, Deng Y, Latt LD. Surgical man-
agement of lateral ankle instability in athletes. J Athl Train.
2019;54(6):639-649. doi:10.4085/1062-6050-348-18

5. Cao S, Wang C, Jiang S, et al. Surgical management of con-
current lateral ankle instability and osteochondral lesions of
the talus increases dynamic sagittal ankle range of motion.
Knee Surg Sports Traumatol Arthrosc. 2022;30(11):3888-
3897. doi:10.1007/s00167-022-06993-6

6. Caracas HC, Maciel JV, Martins PM, de Souza MM, Maia
LC. The use of lidocaine as an anti-inflammatory substance:
a systematic review. J Dent. 2009;37(2):93-97. doi:10.1016/;.
jdent.2008.10.005

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

. Dahmen J, Paget LD, Reurink G, Tol JL, Kerkhoffs GM.

Letter to the Editor on “Treatment of lateral ankle sprain with
platelet-rich plasma: a randomized clinical study.” Foot Ankle
Surg. 2019;25(6):857-858.

. Everts PA, Devilee RJ, Brown Mahoney C, et al. Exogenous

application of platelet-leukocyte gel during open subacromial
decompression contributes to improved patient outcome. A
prospective randomized double-blind study. Eur Surg Res.
2008;40(2):203-210. doi:10.1159/000110862

. Everts PA, Devilee RJ, Oosterbos CJ, et al. Autologous

platelet gel and fibrin sealant enhance the efficacy of total
knee arthroplasty: improved range of motion, decreased
length of stay and a reduced incidence of arthrofibrosis.
Knee Surg Sports Traumatol Arthrosc. 2007;15(7):888-894.
doi:10.1007/s00167-007-0296-x

Everts PA, van Erp A, DeSimone A, Cohen DS, Gardner
RD. Platelet rich plasma in orthopedic surgical medicine.
Platelets. 2021;32(2):163-174. doi:10.1080/09537104.2020.
1869717

Ferkel E, Nguyen S, Kwong C. Chronic lateral ankle instabil-
ity: surgical management. Clin Sports Med. 2020;39(4):829-
843. doi:10.1016/j.csm.2020.07.004

Filardo G, Kon E, Roffi A, Di Matteo B, Merli ML, Marcacci
M. Platelet-rich plasma: why intra-articular? A systematic
review of preclinical studies and clinical evidence on PRP
for joint degeneration. Knee Surg Sports Traumatol Arthrosc.
2015;23(9):2459-2474. doi:10.1007/s00167-013-2743-1
Franchini M, Cruciani M, Mengoli C, et al. Efficacy of
platelet-rich plasma as conservative treatment in orthopae-
dics: a systematic review and meta-analysis. Blood Transfus.
2018;16(6):502-513. doi:10.2450/2018.0111-18

Gerber JP, Williams GN, Scoville CR, Arciero RA, Taylor
DC. Persistent disability associated with ankle sprains: a pro-
spective examination of an athletic population. Foot Ankle Int.
1998;19(10):653-660. doi:10.1177/107110079801901002

. Guelfi M, Zamperetti M, Pantalone A, Usuelli FG, Salini V,

Oliva XM. Open and arthroscopic lateral ligament repair for
treatment of chronic ankle instability: a systematic review. Foot
Ankle Surg. 2018;24(1):11-18. doi:10.1016/j.fas.2016.05.315
Hsu AR, Ardoin GT, Davis WH, Anderson RB. Intermediate
and long-term outcomes of the modified Brostrom-Evans pro-
cedure for lateral ankle ligament reconstruction. Foot Ankle
Spec. 2016;9(2):131-139. doi:10.1177/1938640015609970
Huskisson EC. Measurement of pain. Lancet. 1974;2(7889):
1127-1131. doi:10.1016/s0140-6736(74)90884-8

Karlsson J, Lundin O, Lind K, Styf J. Early mobiliza-
tion versus immobilization after ankle ligament stabiliza-
tion. Scand J Med Sci Sports. 1999;9(5):299-303. doi:10.
1111/5.1600-0838.1999.tb00250.x

Laver L, Carmont MR, McConkey MO, et al. Plasma rich in
growth factors (PRGF) as a treatment for high ankle sprain
in elite athletes: a randomized control trial. Knee Surg Sports
Traumatol Arthrosc. 2015;23(11):3383-3392. doi:10.1007/
s00167-014-3119-x

Lee SK, Gargano F, Hausman MR. Wrist arthrofibrosis.
Hand Clin. 2006;22(4):529-538; abstract vii. doi:10.1016/].
hcl.2006.09.002


https://orcid.org/0000-0003-0143-2246
https://orcid.org/0000-0003-0143-2246

Sabaghzadeh et al

21.

22.

23.

24.

25.

26.

Linklater JM, Fessa CK. Imaging findings in arthrofibrosis
of the ankle and foot. Semin Musculoskelet Radiol. 2012;
16(3):185-191.

Maffulli N, Ferran NA. Management of acute and chronic
ankle instability. J Am Acad Orthop Surg. 2008;16(10):608-
615. doi:10.5435/00124635-200810000-00006

McRobb J, Kamil KH, Ahmed I, Dhaif F, Metcalfe A.
Influence of platelet-rich plasma (PRP) analogues on heal-
ing and clinical outcomes following anterior cruciate liga-
ment (ACL) reconstructive surgery: a systematic review. Eur
J Orthop Surg Traumatol. 2023;33(2):225-253. doi:10.1007/
s00590-021-03198-4

Miklovic TM, Donovan L, Protzuk OA, Kang MS, Feger MA.
Acute lateral ankle sprain to chronic ankle instability: a path-
way of dysfunction. Phys Sportsmed. 2018;46(1):116-122.
doi:10.1080/00913847.2018.1409604

Moher D, Hopewell S, Schulz KF, et al; Consolidated
Standards of Reporting Trials Group. CONSORT 2010
explanation and elaboration: updated guidelines for report-
ing parallel group randomised trials. J Clin Epidemiol.
2010;63(8):el-e37. doi:10.1016/j.jclinepi.2010.03.004
Moraes VY, Lenza M, Tamaoki MJ, Faloppa F, Belloti JC.
Platelet-rich therapies for musculoskeletal soft tissue inju-
ries. Cochrane Database Syst Rev. 2014;2014(4):Cd010071.
doi:10.1002/14651858.CD010071.pub3

27.

28.

29.

30.

31.

32.

Norkin CC, White DJ. Measurement of Joint Motion: A
Guide to Goniometry. F. A. Davis Company; 2016.
Rowden A, Dominici P, D’Orazio J, et al. Double-blind,
randomized, placebo-controlled study evaluating the use of
platelet-rich plasma therapy (PRP) for acute ankle sprains in
the emergency department. J Emerg Med. 2015;49(4):546-
551. doi:10.1016/j.jemermed.2015.03.021
Sayyed-Hosseinian S-H, Hassankhani GG, Bagheri F, Alavi
N, Shojaie B, Mousavian A. Validation of the Persian ver-
sion of the American Orthopedic Foot and Ankle Society
score (AOFAS) questionnaire. Arch Bone Joint Surg. 2018;
6(3):233-239.

Song YJ, Hua YH. Similar outcomes at early term after
arthroscopic or open repair of chronic ankle instability: a
systematic review and meta-analysis. J Foot Ankle Surg.
2019;58(2):312-319. doi:10.1053/j.jfas.2018.08.026

Vopat ML, Tarakemeh A, Morris B, et al. Early versus
delayed mobilization postoperative protocols for lateral
ankle ligament repair: a systematic review and meta-analysis.
Orthop J Sports Med. 2020;8(6):2325967120925256. doi:
10.1177/2325967120925256

Wolfe MW, Uhl TL, Mattacola CG, McCluskey LC.
Management of ankle sprains. Am Fam Physician. 2001;63
(1):93-104.



